The associations between precancer measures of physical performance (20-m usual gait speed, 400-m long-distance corridor walk (LDCW), and grip strength) and overall survival and a short-term outcome of 2-year progression to disability or death were evaluated. Cox proportional hazards and logistic regression models, stratified for metastatic disease, respectively, were used for outcomes. RESULTS: Mean age was 77.2, 36.1% were women, and 45.7% were black. Faster 20-m usual walking speed was associated with a lower risk of death in the metastatic group (hazard ratio 5 0.89, 95% confidence interval (CI) 5 0.79-0.99) and lower 2-year progression to disability or death in the nonmetastatic group (odds ratio (OR) 5 0.77, 95% CI 5 0.64-0.94). Ability to complete the 400-m LDCW was associated with lower 2-year progression to disability or death in the nonmetastatic group (OR 5 0.24, 95% CI 5 0.10-0.62). There were no associations between grip strength and disability or death. CONCLUSION: Lower extremity physical performance tests (usual gait speed and 400-m LDCW) were associated with survival and 2-year progression to disability or death. Objective physical performance measures may help inform pretreatment evaluations in older adults with cancer. J Am Geriatr Soc 58:76-82, 2010.
A pproximately 60% of cancers are diagnosed in persons aged 65 and older. 1 In general, older adults with cancer have lower survival and higher morbidity with treatment than younger people. 2 Some older cancer patients can benefit from intensive therapies, 3, 4 but there is limited information regarding the clinical characteristics that influence outcomes.
Although clinical outcomes vary based on tumor type and treatment, patient-specific characteristics are also important predictors of survival and tolerance of therapy. [5] [6] [7] [8] Identifying specific measurable characteristics to better predict acute treatment-related toxicity, future disability, and survival is critical to inform decision-making for older cancer patients. 9, 10 Physical function is a key element in the evaluation of frailty in geriatric populations and may help predict clinical outcomes in older patients with cancer. 11 In oncology practice, physical function is typically estimated using the Karnofsky or Eastern Cooperative Oncology Group (ECOG) performance scales. 12 These scales lack sensitivity, are subjective, and do not address specific physical tasks. Many older adults with ''good'' performance scores have meaningful impairments in physical function that may reduce reserve capacity. 13 Whereas these scales are predictive of outcomes in older adults with substantial functional impairment at diagnosis, 14, 15 they are less useful for most older patients with cancer, who do not have substantial disability at the time of cancer diagnoses. 8, 13 Thus, more-sensitive, -objective, and -taskfocused measures of physical function are needed for this population.
Physical performance measures (e.g., walking speed and grip strength) predict future disability, hospitalizations, and mortality in the general geriatric population. [16] [17] [18] [19] Assessment of physical performance to evaluate frailty is currently included in the National Comprehensive Cancer Network Guidelines for Senior Adult Oncology, 20 but the predictive value of these tests in older patients with cancer has not been evaluated. In the present analysis, it was hypothesized that measures of physical performance (usual walking speed over 20 m, 400-m long-distance corridor walk (LDCW), and grip strength) obtained close to the time of cancer diagnosis in older adults with malignancy would predict overall survival and short-term outcome (2-year progression to disability or death).
METHODS

Setting
The Health, Aging and Body Composition (Health ABC) Study is an observational study designed to investigate the effect of changes in body composition on physical function and the subsequent development of disability in healthy older adults. [21] [22] [23] The study enrolled 3,075 well-functioning black and white community-dwelling older adults. Participants were recruited from a random sample of white Medicare beneficiaries and all age-eligible black residents in designated ZIP code areas in and around Pittsburgh, Pennsylvania, and Memphis, Tennessee, between March 1997 and July 1998. Eligibility criteria for the Health ABC Study were aged 70 to 79; no difficulty performing activities of daily living, walking one-quarter or a mile, or climbing 10 steps without resting; no reported need of assistive devices (e.g., cane, walker); no active treatment for cancer in the prior 3 years; no life-threatening illness; and no plans to leave the area for 3 years. All participants provided written informed consent. The institutional review boards of the study sites approved the protocol.
Study participants were contacted every 6 months by telephone or in person and interviewed about health status, hospitalizations, outpatient procedures, and new cancer diagnoses. Information regarding incident cancer diagnoses was also obtained from hospital or clinic records.
Study Population
Four hundred thirty-one 431 adjudicated cancer diagnoses in the Health ABC cohort were identified during the first 6 years of follow-up. Cancer diagnoses were confirmed according to pathology reports or other medical record information. Two participants were excluded from analyses because of lack of follow-up data.
Measures
Measures of Physical Performance
For all physical performance tests, values from the visit most closely preceding cancer diagnosis were used as baseline for each participant to most closely approximate physical performance testing at the time of diagnosis. The mean times between measurement of physical performance and cancer diagnosis for 20-m gait speed, 400-m LDCW, and grip strength were 9.5, 18.1, and 10.3 months, respectively.
Gait speed was assessed annually during the Health ABC Study, with participants instructed to walk at their usual pace over a 20-m course. For multivariable analyses, 20-m gait speed was assessed as a continuous variable using 0.1 m/s (m/s) as the unit of change. 24 The 400-m LDCW was performed during Years 1, 2, 4, and 6 of the Health ABC Study. 22, 23 Participants were instructed to walk 400 m in a corridor on a 20-m-per-segment course for 10 laps after a 2-minute warm-up. Instructions were to ''walk as quickly as you can, without running, at a pace you can maintain.'' Medical exclusions included potentially acute electrocardiogram abnormalities, uncontrolled hypertension (!200/110 mmHg), resting heart rate greater than 120 beats per minute or less than 40 beats per minute, recent exacerbation of chest pain, shortness of breath, or recent cardiac event or procedure. Participants could stop during the test for fatigue or other symptoms or tachycardia (4135 beats per minute) according to a heart monitor. For all analyses, the 400-m LDCW was evaluated as a categorical variable (excluded, stopped, completed). 22 Isometric grip strength was measured during Years 1, 2, 4, and 6 of the Health ABC Study using a hand-held dynamometer (JAMAR Technologies, Inc., Hatfield, PA). Two trials were performed for each hand. An average of the trials performed on the strongest hand was used for analyses. Grip strength was analyzed as a continuous variable for all multivariate models, using 10 kg as the unit of change.
Outcome Measures
The primary outcome for this analysis was overall survival from the date of cancer diagnosis. The secondary outcome was a combined measure of functional decline, which captures progression to disability or death within 2 years after cancer diagnosis. This variable was intended to capture a clinically relevant decline in functional status over a short period. Disability was defined as requiring a cane or walker for ambulation, self-reported inability to walk one-quarter of a mile or climb 10 steps, or requiring assistance with an activity of daily living (transfer, dressing, or bathing).
Participant follow-up was conducted every 6 months (in-person examinations alternating with telephone followup). A Health ABC committee adjudicated hospital records, death certificates, informant interviews, and autopsy data to confirm causes of death. Median follow-up time for overall survival was 3.8 years.
Covariates Any characteristic present at cancer diagnosis that might confound the relationship between physical performance and survival or 2-year progression to disability or death was considered a covariate. For all covariates except demographics and smoking status, the value available that most closely preceded the cancer diagnosis date was used to establish a baseline for each participant.
Data on demographics (age, sex, race, educational level) and health behaviors were collected using standard self-report assessments. Age at cancer diagnosis was used as a continuous variable. Smoking status was classified as current, former, or never. Body mass index (BMI, kg/m 2 ) was calculated yearly from measured height and weight. Physical activity was assessed using a calculated variable for kcal/kg per week total walking based on questionnaire data available yearly.
Comorbid illnesses considered as confounding variables were knee arthritis, depression, diabetes mellitus, cardiovascular disease, pulmonary disease, and cognitive dysfunction. Self-reported knee pain, collected yearly, was used as a surrogate measure for knee arthritis. Depressive symptoms were assessed using the Center for Epidemiologic Studies Depression (CES-D) scale, 25 collected at Years 1 and 3 to 6. A categorical variable was created using a standard cutoff score of 16 for the 20-item test and 10 for the 10-item test. Cardiovascular disease, including coronary artery disease and stroke, was assessed from self-report and hospitalization records. Diabetes mellitus was assessed from self-report and fasting glucose levels. Pulmonary disease was assessed using forced expiratory volume in 1 second less than 80% of predicted (available at Years 1 and 5). If pulmonary function testing was not conducted, self-reported obstructive pulmonary disease at Year 1 was used. Modified Mini-Mental State Examination score was used as a measure of cognitive function. 26 The four most common cancer types (breast, colorectal, prostate, lung) were considered as covariates.
Statistical Analyses
Means and proportions were used to describe the baseline characteristics of the cohort. Proportions were used to describe cancer diagnoses and 2-year progression to disability or death.
Survival Analysis
Overall survival was estimated using the Kaplan-Meier method. The unadjusted association between each physical performance measure (20-m walk, 400-m LDCW, and grip strength) and overall survival was evaluated using the logrank test. For this analysis, categorical variables were created for 20-m walk and grip strength using a cut-off of 1 m/s and 33 kg, respectively. 16 Grip strength tertiles were also evaluated. 18 After assessing the proportionality assumption, Cox proportional hazards regression was used to assess the association between each physical performance measure and overall survival. Separate models were fit for metastatic and nonmetastatic disease because of the profound effect of metastatic disease on mortality.
All covariates were evaluated separately as potential confounders before inclusion in the analysis. Po.25 was used for inclusion of covariates in the final model. Depressive symptoms, BMI, and knee pain were not associated with survival and were excluded from the final Cox proportional hazards regression models.
Two models are presented for each performance measure, stratified according to presence of metastatic disease: unadjusted and adjusted for covariates. Hazard ratios (HRs) and 95% confidence intervals (CIs) are reported.
Analysis of 2-Year Progression to Disability or Death
Logistic regression was used to investigate the relationship between physical performance measures and 2-year progression to disability or death. Twenty-six participants were excluded because of missing disability data at baseline or at the 2-year follow-up. An additional 32 subjects were excluded because of baseline disability.
Physical activity, knee pain, CES-D score, and BMI were not associated with 2-year progression to disability or death in univariate analyses and were not included in the final multivariable logistic regression models.
Odds ratios (ORs), with 95% CIs, were estimated for each performance measure and presented in unadjusted and fully adjusted models. Goodness of fit for each model was tested using the Hosmer-Lemershow test. 27 All analyses were conducted using SAS statistical software, version 9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
Baseline characteristics for the study cohort are presented in Table 1 . The four most common cancer types made up the majority (61.7%) of cases. Metastatic disease was present in 37.1% at the time of diagnosis.
The overall median survival time for the entire cohort was 4.6 years (7.7 years for nonmetastatic and 1.1 years for metastatic). The proportion of participants who progressed to disability or death within 2 years after cancer diagnosis was 45.7% in the overall cohort (33.6% nonmetastatic and 66.2% metastatic).
Survival Analysis
The unadjusted association between each physical performance measure and overall survival is illustrated in Figure  1A -C. The 20-m walk and 400-m LDCW were associated with overall survival, whereas grip strength was not. Results did not change when evaluating survival according to grip strength tertiles (data not shown). Both measures were significantly associated with survival in the nonmetastatic cohort but not in the metastatic cohort, when evaluated as categorical variables. Figure 2 illustrates the results for the 400-m LDCW in participants with and without metastasis.
A faster pace on the 20-m walk test was associated with lower risk of death in unadjusted analyses for the metastatic and nonmetastatic groups ( Table 2 , Cox proportional hazards regression). This association was attenuated in the nonmetastatic group after adjusting for covariates, although in the metastatic group, faster walking speed remained statistically associated with survival after adjustment. In this model, a 0.1-m/s faster walking speed was associated with an 11% reduction in the risk of death (HR 5 0.89, 95% CI 5 0.79-0.99).
In the nonmetastatic group, subjects who completed the 400-m LDCW without stopping had a lower hazard of death than those who stopped during the test. This association persisted after adjustment (HR 5 0.56, 95% CI 5 0.31-1.01). In the metastatic group, there was no statistically significant difference in the hazard of death between those who were excluded, stopped during the test, and completed the test.
There was no statistically significant association between grip strength and survival in the nonmetastatic or metastatic group.
2-Year Progression to Disability or Death
A 0.1-m/s faster usual gait speed on the 20-m course was associated with a 23% lower odds of progression to disability or death at 2 years in the nonmetastatic group after adjustment (OR 5 0.77, 95% CI 5 0.64-0.94) ( Table 3 ). In addition, individuals who completed the 400-m LDCW had 76% lower odds of 2-year progression to disability or death than those who stopped during the test (OR 5 0.24, 95% CI 5 0.10-0.62). Results were not statistically significant in adjusted analyses for the metastatic group (OR 5 0.33, 95% CI 5 0.07-1.67). There was no association between grip strength before cancer diagnosis and subsequent 2-year progression to disability or death.
DISCUSSION
In this study, measures of lower extremity physical performance predicted overall survival and 2-year progression to disability or death in older adults with cancer. A faster 20-m usual gait speed was associated with greater overall survival in subjects with metastatic disease. Alternatively, completion of the 400-m LDCW was associated with greater overall survival in nonmetastatic subjects. Higher performance on the 20-m usual gait speed and the 400-m LDCW predicted lower risk of progression to disability or death 2 years after diagnosis in the nonmetastatic subjects only. No association was found between grip strength and overall survival or 2-year progression to disability or death in this study.
This study suggests that assessment of select lower extremity performance measures may help predict survival and future disability in older adults with a new cancer diagnosis. These measures may provide objective evidence of an older adult's reserve capacity, which multiple factors, including chronic disease, physiological changes of aging, nutrition, fitness, psychosocial well-being, and motivation, influence. Some of these factors can be difficult to assess clinically. Thus, physical performance could provide insight into an older adult's resilience after a new cancer diagnosis.
Overall, these results are consistent with previous reports in geriatric populations that physical performance measures of lower extremity function predict future disability and mortality. 16, 22, [28] [29] [30] For example, usual gait speed has been a powerful predictive measure in multiple studies and more accurately predicts decline in physical function and mortality than self-report measures. 30, 31 In addition, gait speed alone may perform as well as a summary measure of gait speed, balance, and chair stands, making this an attractive screening test. 31 The lack of association with handgrip and either outcome is not consistent with most of the literature in other elderly populations. 18, 29, 32, 33 Most prior studies have evaluated the relationship between grip strength and all-cause mortality. One explanation for the results of the current study is that the association between hand grip and mortality may be altered in the presence of specific medical conditions such as cancer. No prospective studies have evaluated grip strength in a population restricted to cancer patients, although a study of the relationship between grip strength and cause-specific mortality in 919 disabled women in the Women's Health and Aging cohort found Ã Metastatic disease status was unknown in two participants.
w Physical activity was recorded as kcal/kg per week of walking; participants who reported any physical activity are presented as physically active. z Self-reported disability defined as requiring assistance with transfers, bathing, or dressing or reporting difficulty walking one-quarter of a mile or walking up a flight of stairs. SD 5 standard deviation.
no association between handgrip and cancer mortality. 18 Similar results were seen in the Japanese Adult Health Study when evaluating cancer-specific mortality, 34 consistent with the results of the current study.
Another explanation may be that grip strength is a better marker of outcomes occurring over decades, as evaluated in most previous studies, rather than outcomes occurring within several years, as evaluated in the current analysis. It is also possible that grip strength may change acutely at the time of cancer diagnosis, as tumor burden increases. In this case, measurements obtained before cancer diagnosis that were available for this analysis may not adequately reflect the predictive value of this performance measure at the time of diagnosis.
Finally, the differing results between performance measures reinforce the notion that each test is measuring a different construct. Grip strength assesses upper extremity strength, whereas the 400-m LDCW and usual gait speed capture cardiopulmonary fitness and mobility, respectively. Strength, fitness, and mobility may not be equally important predictors of susceptibility to toxicity or survival in older patients with cancer. Mobility and cardiopulmonary fitness may be more important markers of resilience to the acute stresses of tumor burden, surgeries, chemotherapy, and radiation. Furthermore, differing results between the metastatic and nonmetastatic groups highlight the variable utility of performance measures in different clinical populations. Subjects with metastatic disease have a high short-term mortality rate associated with tumor burden and repeated treatments. The cancer diagnosis is often terminal, and physical function can be expected to decline more sharply and consistently over time. Declines in functional status related to refractory disease or treatment toxicity subsequently limit additional treatment options. Mobility, as measured using usual gait speed, may predict survival in this population by identify- ing individuals most susceptible to rapid functional decline, but a diagnosis of nonmetastatic cancer is an acute event from which patients often recover; it may or may not drive mortality. Thus, usual gait speed may reflect susceptibility to short-term disability related to the cancer diagnosis (e.g., tumor burden, surgeries, chemotherapy, and radiation), whereas cardiopulmonary fitness may better predict longer-term overall survival. This is the first study to evaluate the predictive value of physical performance in a cohort of older patients with cancer. In addition, several attributes of the Health ABC database strengthen the analysisFmultiple, repeated performance tests of fitness, strength, and mobility and baseline (pre-diagnosis) measures. The Health ABC cohort also received careful evaluation of health conditions, enabling these measures to be evaluated in the context of comorbidity and health status.
There are also several limitations of this analysis. The small sample size of the metastatic cohort limits statistical power. The high mortality rate also limits evaluation of disability alone as an outcome. The heterogeneity of cancer diagnoses (and thus cancer burden and predicted outcomes) limits generalizability of the findings to other clinical settings. Finally, treatment information was not available for this analysis. This is an important limitation; participants with better physical performance may have been more likely to receive aggressive treatments, which could explain a positive association between physical performance and better clinical outcomes.
This study provides an important first step in supporting the hypothesis that objective physical performance tests may be useful adjuncts to clinical measures in the evaluation of older adults with malignancy. Physical performance testing could improve pretreatment assessments of many older adults with a new cancer diagnosis who present without overt disability. To translate this research into clinical practice, performance measures obtained at the time of cancer diagnosis will need to be evaluated prospectively in a cohort of older adults. The predictive value of these assessments on short-and long-term clinical outcomes will need to be assessed within cancer type, stratifying for stage of disease and controlling for treatments administered. If a simple measure such as gait speed can independently predict toxicity or survival, it could be a valuable addition to standard pretreatment assessment evaluations for older adults with cancer. 
